INTRODUCTION
The public enterprise sector in Turkey, which was originally founded for the production of basic consumer goods in the early 1930's, has grown appreciably since the 1950's. Starting from the early 1960's, the public enterprise sector emphasized the production of intermediate goods such as paper, cement, iron and steel, fertilizer, and petrochemical products. Since then, it has accounted for a large proportion of gross domestic capital formation, and it has had a marked impact on aggregate production, employment, and saving. Subsectoral analysis of the public enterprise sector's production indicates that public enterprises' share in agriculture has been negligible, whereas their share in total industrial production was well above 30% between 1974 and 1990 . The share of public enterprises is more than 50% in power production and banking. When various forms of government participation are taken into account, it is possible to say that more than half of the Turkish economy is government owned or controlled. However, since the early 1980's, public enterprises have been accused of absorbing a large share of government resources, and they are responsible for a major part of Turkey's external debt.
In recent years, because of privatization in both developed and developing countries, researchers have compared the performance of public and private enterprises on the basis of productive efficiency. However, these studies brought no clear evidence to suggest that public enterprises in developing countries have had lower levels of economic efficiency than do private firms. The purpose of this study is to compare the productivity growth of the public sector with that of the private sector for the various subsectors of manufacturing in Turkey. The main analytical tool employed is the Malmquist productivity index, which is constructed using nonparametric linear programming methods. An advantage of this approach over the total factor productivity method is its ability to distinguish between changes in efficiency and technological progress between two periods. The methodology adopted is similar in spirit to the one introduced by Fare et al. (1994b) and involves developing a manufacturing sector frontier for Turkey for each year between 1974 and 1991, based on data on 28 subsectors, which are defined at the three-digit level according to the International Standard Industrial Classification. Data on the public and private sectors are registered separately. Once these frontiers are constructed, examination of each subsector's distance from the frontier at each year for both ownership types enables us to see the changes in efficiency of the public and private sectors in each subsector. Furthermore, the measurement of the distance between two frontiers for each pair of years provides information about the rate of technological progress by ownership type. This method is superior to the total factor productivity approach where each sector and ownership type is compared only to itself in previous periods but not to a common benchmark. In the computation of the Malmquist index, an explicit benchmark, the manufacturing sector frontier constructed from data on all subsectors, is used.
The next section of the paper gives a brief sketch of pre-1980 development policy and industrialization to set the stage for post-1980 developments. This section also describes the relative weight of the public sector in manufacturing and summarizes the results of studies that examine productivity differences between public and private enterprises. The model specification is presented in the third section. Section four is reserved for the discussion of data sources and results, followed by conclusions in Section five.
MAJOR DEVELOPMENTS IN MANUFACTURING
Until the 1980's, successive Turkish governments took a strongly interventionist stance in their industrialization policies. The early 1920's was a period in which substantial incentives were provided to create an entrepreneurial class. In the mid-1930's, the state assumed the role of the entrepreneurial class by creating public enterprises in a broad range of manufacturing activities, a process that continued even after the emergence of a private manufacturing sector in late 1940's. During the 1960's, with the introduction of central planning, state intervention reached its greatest intensity, not only with regard to state enterprises but also in guiding the course of the private sector.
Until the 1980's, industrialization policies were inward-looking, importsubstituting, with extensive protection against foreign competition, including elements such as an overvalued exchange rate and exchange controls, tariffs, quantitative restrictions, guarantee deposits on imports, and generous tax and credit incentives for domestic manufacturing investments. Due to the rapid increase in manufacturing investment, the real growth of output averaged 7.5% during the 1965-1980 period, which resulted in an increase in the share of manufacturing in GDP from 14.1% in 1963 to 19.1% in 1979 . An important feature of this period was a structural shift from the production of consumption goods toward the production of intermediate and capital goods, led by increased public-sector activity in basic metals, fertilizer, paper, and petrochemicals. As a result, the share of value added generated by public-sector enterprises in large manufacturing industry reached as high as 46% (Table 1) .
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The table also shows that the increased importance of public production was reflected in its share of employment and investment.
Toward the end of the 1970's, Turkey's import-substituting development reached a more difficult phase, and, at the end of the decade, Turkey went through a balance of payment and foreign debt crises that gave birth to the 1980 stabilization and adjustment program proposed by the IMF. During the early years of the adjustment program, public enterprises were given more autonomy in setting their prices, and those that operated in highly oligopolistic markets were able to pass increased costs to consumers and thus did not have the incentive to increase their productivity. Public investments were channeled away from manufacturing toward infrastructure sectors such as communication, transportation, and energy, directing public enterprises in the manufacturing sector to the credit market for day-to-day financing. This increased the debt of the public sector and led to lower levels of investment in an attempt to reduce public enterprise borrowing. The low level of public-sector investment was not offset by the private sector. The high real interest rates that resulted from financial liberalization, coupled with the crowding out effect of government borrowing, heavy currency depreciation, and macroeconomic instability, depressed private sector investment below the levels of the previous decade.
These policy developments gave rise to studies on the sources of growth in Turkish manufacturing. Among these are Krueger and Tuncer (1982) and Nishimuzu and Robinson (1984) , who provide estimates for total factor productivity growth in Turkish manufacturing industries from the mid-1960's to the mid-1970's. These studies report the positive impact of export expansion and the negative impact of import tightening on total factor productivity (Celasun, 1994) . Nishimuzu and Robinson compare the growth rates of total factor productivity in manufacturing for the period 1963-1976 in Japan, Korea, Turkey, and Yugoslavia and find that they are lower in Turkey than in Korea and Japan but higher than in Yugoslavia. Krueger and Tuncer find relatively higher total factor productivity growth in the public sector, a finding also supported by Yildirim (1989) and Uygur (1990) for nearly the same period.
The total factor productivity approach, though extensively used in the literature of growth accounting, has some deficiencies. First, although economic theory generally provides only loose restrictions on the distribution of observable quantities, much econometric work is based on tightly specified parametric models. Total factor productivity estimates based on an assumed functional form for the technology are sensitive to misspecification. Second, it is not so obvious what total factor productivity growth measures when the economic units deviate from efficiency properties that are implicitly assumed for them. If economic units are technically and allocatively inefficient, the total factor productivity growth measure is a composite measure that embodies both technological progress and change in efficiency. Third, in the total factor productivity approach each firm or sector is compared to only itself in previous periods and not to an explicit common benchmark.
MODEL
To investigate the relative productivity differences between public and private manufacturing we use the Malmquist productivity index constructed using nonparametric programming methods. The foundations of the method go back to Farrell (1957) , and it has been extended by Farrell and Fieldhouse (1962) , Seitz (1970), and Afriat (1972) . In more recent studies, Fare et al. (1982) , Banker et al. (1984) , and Fare et al. (1985) show how to decompose Farrell's measure of technical efficiency and extract information on the scale of the unit investigated. Subsequently, Fare et al. (1994a) and Fare et al. (1994b) , inspired by the work of Caves et al. (1982a Caves et al. ( , 1982b , introduced multiperiod analysis to investigate productivity changes over time.
The Malmquist index is based on the concept of the output distance func- Fare et al. (1994b) define the Malmquist output-based productivity as
or equivalently as
where the superscripts show two adjacent time periods. 2 Note that in both expressions there are two mixed-period distance functions, i.e., D
, where in each case the data being evaluated is from a period different from that of the technology relative to which it is being evaluated. 3 The second expression provides the decomposition of the Malmquist productivity index into its two components, change in technical efficiency and the geometric mean of the change in the production frontier. The change in technical efficiency between t and t / 1 is captured by the ratio outside the brackets, and the ratio inside the brackets provides a 2 For a detailed exposition of the productivity measurement through Malmquist indexes which make use of distance functions see Chap. 9 of Fare et al. (1994a measure of the shift in the frontier. These can best be illustrated with the aid of a figure. 4 In Figure 1, 4 The figure that we employ is a modified version of Fig. 1 in Fare et al. (1994b) , Y t/1 ), also measures the Farrell technical efficiency of an observation at t / 1 relative to the technology of the same period. The computation of this component is similar in structure to that of (LP1) where t / 1 is substituted for t. The third
) considers observation k 0,t/1 relative to the technology at period t. This component is computed as
Note that the input and output constraints have the two periods t and t / 1 on opposite sides of the inequalities, indicating that the observation, here k 0,t/1 , is compared to the reference technology of a different period, here t.
, which compares k 0,t to the reference technology of period t / 1, is similar in character to the third component and can be computed by interchanging t and t / 1 in (LP2). Note that in all the linear programming problems we have imposed a constant returns to scale assumption on the technology. However, relaxing the assumption of constant returns to scale yields efficiency scores relative to other scale assumptions such as variable returns to scale or nonincreasing returns to scale. 5 The comparison of these scores decomposes the change in efficiency into changes in scale efficiency and pure efficiency. Because the frontier constructed with the constant returns to scale assumption on technology envelops the data more loosely than the frontiers under alternative scale assumptions, the resultant efficiency scores (u) will be larger than those computed with respect to other frontiers. Then the degree of scale efficiency, which is the output loss from deviating from the constant returns to scale technology, can be computed by dividing the efficiency scores obtained from constant returns to scale technology by the efficiency scores obtained from variable returns to scale technology. . The second component of efficiency change, the change in pure efficiency between t and t / 1, is calculated by dividing the change in efficiency by the change in scale efficiency.
DATA AND RESULTS
The methodology outlined above is applied to construct a manufacturing sector frontier for Turkey for each year between 1974 and 1991 using data on 28 subsectors, defined at the three-digit level of the International Standard Industrial Classification, where public and private sectors are reported separately. The data are compiled from Annual Manufacturing Industry Statistics published by the State Institute of Statistics, and they cover all establishments in the public sector and the establishments with 10 or more employees engaged in the private sector. All three-digit industries, except ISIC390, other manufacturing industry, are included in the analysis. A desirable feature of the data is that, except in few cases, both government and private activity coexists in all subsectors allowing for a comprehensive analysis of relative productivity growth between public and private enterprises during the period 1974-1991. 6 Table A1 in the Appendix lists the sectors included in the model. 5 The variable returns to scale assumption is incorporated by adding the additional constraint ͚ K kÅ1 z k Å 1, and nonincreasing returns to scale is incorporated by adding the additional constraint ͚ K kÅ1 z k £ 1 in all the linear programming problems discussed above. 6 No government activity exists in the following sectors: manufacture of leather and leather products, ISIC323, manufacture of furniture and fixtures, ISIC332, manufacture of rubber prod-Our measure of the aggregate output of a subsector is the real value of the output of the industry. 7 The three input proxies chosen are number of individuals engaged in production, real value of the raw materials, fuels and electricity, and total capacity of power equipment installed at the end of the year in terms of horse power. 8 The usual difficulties associated with computation of the capital stocks at this disaggregate level forced us to use total capacity of power equipment installed as a proxy for the capital stock.
Leaving the disaggregated results to the Appendix, Tables A2-A6, the summary results are reported in Table 2 . In constructing this table, we first calculated the total cumulated productivity change between 1974-1991 by the sequential multiplication of the annual indexes for each three-digit subsector and for each ownership status. The productivity index of a sector at the two-digit industrial classification is then computed as the geometric means of the indexes of the relevant subsectors at three-digit classification.
In Table 2 , if the value of the Malmquist index or any of its components is less than 1, this denotes regression or deterioration in performance, and values greater than one denote improvement in performance relative to the best practice in the sample. In interpreting the numbers in the table, recall that best practice is a common manufacturing sector frontier defined over subsectors in manufacturing. Starting from the bottom of the table, with a productivity growth of 38% between the years 1974 and 1991, the private sector has performed better than the public sector, which had a productivity growth of around 15% for the same period. 10 An examination of the components of the Malmquist productivity index reveals the fact that, for both sectors, growth was due more to technological progress than to improvements in technical efficiency. The compounded efficiency change index shows that, for both ownership ucts, ISIC355, manufacture of plastic products not elsewhere classified, ISIC356, manufacture of glass and glass products, ISIC362, manufacture of professional and scientific equipment not elsewhere classified, ISIC385. Also no private activity exists for petroleum refineries, ISIC353.
7 All nominal figures are deflated using a two-digit manufacturing price index and are expressed in 1988 prices. 8 Since there is no price index for purchased inputs, nominal values are deflated by a twodigit manufacturing price index. 9 The implicit assumption that all industries utilize the same production frontier and that this frontier can be constructed from the observations on subsectors is similar in nature to those employed by Caves (1992) and Torii and Caves (1992) . In their approach, to find the productivity differentials between the subsectors of two countries, the observations on outputs and inputs of subsectors of these countries are used together while constructing a stochastic production frontier. 10 It is interesting to note that, in terms of ranking according to annual average productivity increase between 1974 and 1991, nine out of ten subsectors that recorded the lowest productivity increase, actually they were negative, belonged to the public sector. These are ISIC314, ISIC342, ISIC322, ISIC354, ISIC351, ISIC353, ISIC312, ISIC331, and ISIC383. types, more and more enterprises are falling below the frontier, indicating a deterioration in the ability to keep up with best practice technology. In this respect, it is important to note that, in accordance with the expectations of the public choice and property rights schools, the public sector performs less well than the private sector. In fact, the weak performance of the public sector compared to its private counterpart is due to the loss in the efficiency component alone because in terms of technological progress, the public sector has a slight advantage. Further decomposition of the efficiency change into its multiplicative components, change in scale efficiency, a measure of moving toward the optimal scale over time, and change in pure efficiency, a measure of developments in managerial efficiency, indicates that the public enterprise sector suffers from the latter type of inefficiency because magnitudes of the former are similar for both ownership types. The subsectoral analysis of Table 2 also brings out some significant results. Note that, for both ownership types, three crucial sectors, manufacture of nonmetallic mineral products, ISIC36, manufacture of basic metals, ISIC37, and manufacture of machinery and equipment, ISIC38, have had relatively higher productivity growth, stemming from their higher technological progress compared to other sectors. 11 The first two sectors are major suppliers of intermediate inputs such as cement, glass, and metals and the last one is the major supplier of the capital inputs to other industries, and therefore they seem to have provided linkage effects for sustained and high technological progress in the manufacturing sector as a whole. A second feature that attracts immediate attention in both ownership types is that efficiency loss has been relatively higher in industries that were able to expand their own frontier farthest. The cause of the efficiency losses seems to be the slow adjustment of variable inputs and the scale of operation to sudden changes in technology. These results become more evident when we disregard the ownership distinction, as in Table 3 .
To observe the changes in the Malmquist productivity index and its components and to demonstrate the sensitivity of these indexes to major policy Sectors 1974 Sectors -1977 Sectors 1977 Sectors -1980 Sectors 1980 Sectors -1983 Sectors 1983 Sectors -1986 Sectors 1986 Sectors -1989 Sectors 1989 Sectors -1991 changes, Tables 4-6 report the average annual changes of each component index for three-year sub-periods. 12 In our discussion of the tables, since the interpretation of the figures for the subsectors is self-evident, we will concentrate on the averages. A careful analysis of the column averages for different 12 In order not to crowd the text with too many tables we provide the decomposition of the efficiency change in the Appendix, in Tables A7 and A8. The figures in Tables 4-6 are geometric averages of the indexes between these periods. Only the last period is a geometric average of two years, i.e., 1989-1990 and 1990-1991 . Sectors 1974 Sectors -1977 Sectors 1977 Sectors -1980 Sectors 1980 Sectors -1983 Sectors 1983 Sectors -1986 Sectors 1986 Sectors -1989 Sectors 1989 Sectors -1991 sub-periods shows that average productivity growth rates are rather sensitive to the major policy changes outlined in Section 2. During the period 1974-1977, when the manufacturing sector enjoyed the benefits of the inwardlooking import substitution era, productivity increased by over 4% per annum in the private sector and by almost 5% in the public sector. Note that during this period both component indexes are greater than one, implying that there is improvement both in efficiency and in technological progress. Nevertheless, the major impetus behind the productivity growth seems to be the increased efficiency during this period. Sectors 1974 Sectors -1977 Sectors 1977 Sectors -1980 Sectors 1980 Sectors -1983 Sectors 1983 Sectors -1986 Sectors 1986 Sectors -1989 Sectors 1989 Sectors -1991 By the end of 1970's, which we characterize by the 1977-1980 period, the limit on the growth that could be attained using import substitution policies was reached, and, following a balance of payments crisis, manufacturing industry entered a difficult phase where imported raw materials were harder to obtain. It is during this period that we observe the deterioration in the performance of the public and private sectors.
The upswing of the Turkish economy, which started in 1981 under the impetus of the stabilization and economic adjustment program of 1980, is reflected in the Malmquist productivity index. The period 1980-1983 was characterized by hesitant resumption of GDP growth, rapid increase in manufacturing exports, and decline in private investment, along with intensification of capacity use in manufacturing. During this period, under more autonomous management, the public sector performed better than it had in the previous period. Public enterprises, with their initially improved financial position, were able to invest in technology that showed its impact as improved rates of technological change. Private enterprises, on the other hand, with the generous export incentives provided to them, relied on increased capacity utilization for output growth, which translated in our indexes as increased efficiency. 13 The importance of technological progress to productivity growth increased in the 1983-1986 period to offset the deterioration in efficiency change in both ownership types. Nevertheless, the gain in productivity due to technological progress was not enough to compensate for the loss incurred due to reduced efficiency in the case of the public sector.
During the 1986-1989 period, due the policy of decreasing the share of the public sector in total investments, the expected increase in fixed capital investments was not achieved. Manufacturing output growth was maintained through utilization of the excess capacity, which increased the capacity utilization rate to 75%, its highest level since 1980, when it was 51%. In terms of our performance measures, all these developments showed up as a deterioration in technological progress and an improvement in efficiency change. The last period, which spans the years 1989-1991, was a period during which positive and significant increases in investment were registered. Real fixed investments increased by 61% for the private sector and 26% for the public sector, and the impact has been a remarkable increase in the Malmquist index stemming from increased technological progress.
CONCLUSION
The privatization efforts and the debates about the poor performance of the public sector have focused on the different incentives facing the public and private sectors and the effect of the ownership structure on productivity differentials. This paper, using a Malmquist productivity index approach, analyzes the difference between the rate of change of productivity in public and private Turkish manufacturing industries, during 1974-1991. The main finding is that, in terms of overall productivity growth, the public sector performed less well than did the private sector. The breakdown of the Malmquist productivity index into its components reveals that the weak performance 13 In our application we would also expect to see variation in capacity utilization to be reflected in changes in the efficiency component (Fare et al., 1994b) . of the public sector was due to a larger loss in efficiency as both sectors achieved similar rates of technological progress. A more detailed analysis of the loss in efficiency component showed that public enterprises in fact suffered from managerial inefficiency. 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 1974-1977 1977-1980 1980-1983 1983-1986 1986-1989 1989-1991 Sectors 1974 Sectors -1977 Sectors 1977 Sectors -1980 Sectors 1980 Sectors -1983 Sectors 1983 Sectors -1986 Sectors 1986 Sectors -1989 Sectors 1989 Sectors -1991 Sectors 1974 Sectors -1977 Sectors 1977 Sectors -1980 Sectors 1980 Sectors -1983 Sectors 1983 Sectors -1986 Sectors 1986 Sectors -1989 Sectors 1989 Sectors -1991 
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